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Description 

The invention relates to an apparatus for imag- 
ing a rhask pattern on a substrate, which 
apparatus comprises a projection column pro- 
vided with an optical imaging system and an 
optical fine-alignment system for aligning 
alignment marks on the substrate relative to an 
alignment mark in the mask, which apparatus 
further comprises a preallgnment station for pre- 
aligning the substrate, and transfer means for 
transferring the substrate to a position beneath 
the projection column without disturbing the pre- 
allgnment. 

Such an apparatus, which is employed for the 
repeated projection of a reduced-scale image of 
an IC pattern on a semiconductor substrate, is 
described inter alia in the article "Automatic 
Alignment System for Optical Projection Print- 
ing", in "IEEE Transactions on Electron Devices", 
Vol ED-26, No. 4, April 1979, pages 723—728. The 
fine-alignment system of this apparatus enables a 
substrate to be aligned relative to the mask with 
an accuracy of the order of 0.1 pm. Fine- 
alignment is effected fully automatically and com- 
paratively rapidly, within 1 to 2 seconds, so that a 
large number of substrate wafers can be passed 
through the Imaging apparatus and exposed in a 
short time. The alignment range of the fine- 
alignment system is relatively small, for example 
±40Mm, so that pre-alignment of the substrate is 
necessary. In order to ensure . that this pre- 
alignment does not lead to a reduction of the 
speed with which the substrate wafers are fed 
through the imaging apparatus the apparatus 
comprises a pre-alignment stations next to the 
projection column. During fine-alignment and 
exposure of a first substrate wafer in the projec- 
tion column the next substrate wafer can be pre- 
aligned in the pre-alignment station, so that in 
principle two steps are carried out at the same 
time. 

Pre-alignment can be effected by means of a 
microscope by means of which it is ascertained 
whether a substrate wafer is positioned correctly 
relative to a fixed reference, such as cross-hairs, 
in the apparatus. Depending on the positional 
error thus found the wafer position is corrected 
manually. This non-automatic pre-alignment 
takes a comparatively long time and requires 
much skill from the operator. 

Automatic pre-alignment is possible if the sub- 
strate table has beien provided with stops against 
which the substrate wafer must be positioned. 
The problem may be encountered that the edge of 
the substrate wafer is not always well-defined, so 
that the required pre-alignment accuracy cannot 
be attained, which results in incorrect alignment 
of the substrate wafer by the fine-alignment 
system. 

The present invention aims at providing an 
Imaging apparatus in which pre-alignment is 
effected automatically and very accurately. To 
this end the apparatus in accordance with the 
invention is characterised In that the pre- 


alignment station comprises two optical systems 
for imaging the two alignment marks on the 
substrate onto two composite radiation-sensitive 
detectors, the combined output signals of the 
5 subdetectors of each detector being a measure of 
the alignment of the corresponding alignment 
mark relative to the detector. 

The invention Is based on the recognition of 
the fact that the alignment marks intended for 
10 fine-alignment inside the projection column are 
also very suitable for the purpose of pre- 
alignment outside the projection column. As two 
alignment marks and two composite detectors 
are used, it is not only possible to pre-align the 
IS marks themselves in two mutually perpendicular 
directions, but it is.also possible to establish the 
orientation of a connecting line between the 
centres of the alignment marks, i.e. to effect an 
angular alignment. 
20 It is to be noted that it is known perse, inter alia 
from German Patent Application No. 3,235,247, to 
employ the same alignment marks. for fine- 
alignment and for pre-alignment. However, in the 
apparatus in accordance with German Patent 
2S Application No. 3,235,247 pre-alignment is 
effected in the projection column and not in a 
separate pre-alignment station. Further, said 
apparatus employs the same optical systems for 
fine-alignment and pre-alignment, only the pro- 
30 cessing of the detector signals for the two types of 
alignment differing. 

As described in the above-mentioned article in 
"IEEE Transactions on Electron Devices", Vol. ED- 
26, No. 4, April 1979, pages 723—728, it is very 
35 advantageous to employ phase gratings as 
alignment marks, i.e. gratings which only 
influence the phase of a light beam which is 
incident upon them, for the alignment of a sub- 
strate relative to a mask. An apparatus which is 
40 suitable for exposing a substrate with phase 
gratings is characterised in that the two imaging 
systems in the pre-alignment station are consti- 
tuted by microscopes which image the phase 
gratings on the detectors as amplitude structures. 
45 These microscopes may be phase-contrast 
microscopes which have been described com- 
prehensively in the literature and in which radi- 
ation which has not been diffracted by the phase 
object passes through a quarter-wave plate. This 
60 radiation interferes with the radiation which has 
been diffracted by the object, so that an image is 
formed whose brightness variations represent the 
phase variations in the object. The radiation used 
must be highly coherent. It is then possible to 
55 utilize only a small part of the radiation emitted by 
a non-coherent radiation source, such as an 
incandescent lamp, with the result that the 
amount of radiation on the phase grating and 
hence on the detector is then smalj. As an alterna- 
60 tive, a laser may be used for the radiation source. 
Apart from being coherent the radiation emitted 
by a laser is also monochromatic. However, in an 
ajsparatus for imaging a mask pattern on a sub- 
strate the use of monochromatic radiation may 
65 present problems because in each consecutive- 
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process step in the fabrication of an integrated 
circuit a thin layer of a material is deposited onto 
the substrate. A plurality of such thin layers may 
act as an anti-reflection coating for the laser 
radiation used. Then the detector will receive only 
a small amount of radiation. 

A preferred embodiment of the invention in 
which the radiation of the pre-alignment beam 
covers a comparatively wide wavelength range is 
characterized in that the microscopes are inter- 
ference microscopes which each comprise an 
Illumination system, an imaging lens for the 
formation of a radiation spot on a phase grating 
and for imaging this grating onto a detector and a 
beam-splitting element for splitting the radiation 
from the illumination system Into two subbeams 
in such a way that at the location of the phase 
grating the subbeams are shifted relative to each 
other over a distance equal of half the grating 
period of the phase grating and for combining the 
two sub-beams which have been reflected by the 
phase grating. 

Since the two recombined subbeams interfere 
with each other the phase structure of the grating 
is converted into an amplitude structure. The 
phase grating is imaged as a bright spot on the 
detector, the variation of the intensity distribution 
over the detector being determined by the posi- 
tion of the phase grating, i.e. of the substrate, 
relative to the detector. 

Preferably, the apparatus in accordance with 
the invention is characterized further in that the 
beam-splitting element is a polarization-sensitive 
beam splitter and in that a polarization-sensitive 
beam reflector is arranged between the illumina- 
tion system and the imaging lens for directing 
radiation of a specific direction of polarization 
towards the phase grating and for transmitting 
the radiation which has been reflected by the 
phase grating to the detector. 

The polarization-sensitive beam splitter may 
comprise a Savart plate or a Wollaston prism. 

In accordance with a further characteristic 
feature of the invention the beam reflector com- 
prises a polarization-sensitive beam-reflecting 
layer which comprises two sub-layers which 
operate in two adjacent wavelength ranges. The 
composite beam- reflecting layer operates over a 
relatively wide wavelength range. 

In order to ensure that as much light as possible 
from the radiation source and a minimum amount 
of stray light reaches the phase grating and in 
order to suppress noise in the detector signal the 
apparatus in accordance with the invention may 
be characterized further in that the illumination 
system comprises a radiation source followed by 
a condenser lens which images the radiation 
source in the pupil of the imaging lens and a field 
aperture arranged behind the condenser lens, 
which aperture is imaged on the phase grating. 

The apparatus in accordance with the invention 
may be characterized in that before the detector a 
beam separator having a low reflection coefficient 
is arranged in order to reflect a small portion of 
the radiation which has been reflected by the 


phase grating to a reference mark, and in that . 
there are provided optical means for visually 
observing the reference mark and the images of 
the two phase gratings superimiposed on said 
5 reference mark. 

The invention will now be described in more 
detail, by way of example, with reference to the 
drawings, in which 
Fig. 1 shows an apparatus for imaging a mask 
10 pattern on a substrate, which apparatus is equip- 
ped with a pre-alignment station. 

Rg. 2 shows a substrate grating-mark for fine- 
alignment, and 

Fig. 3 shows an optical pre-alignment station 
IS in accordance with the invention. 

Rg. 1 shows an apparatus for the repeated 
imaging of a mask pattern on a substrate. The 
principal parts of this apparatus are a projection 
column in which a pattern C to be imaged is 
20 mounted and a movable substrate table WT by 
means of which the substrate can be positioned 
relative to the mask pattern. 

The projection column accommodates an 
illumination system which may comprise a lamp 
25 LA, for example a mercury lamp, an elliptical 
mirror EM, an element IN which is referred to as 
an integrator, which ensures a homogenous radi- 
ation distribution within the projection beam b, 
and a condenser lens CO. The beam b illuminates 
30 a mask pattern C arranged on a mask table MT. A 
second mask pattern T may be arranged on the 
mask table Mt. By rotating the table MT about the 
spindle MA the second mask pattern can be 
transferred into the projection column. 
55 The beam which traverses the mask pattern C 
passes through a schematically shown projec- 
tion-lens system PL in the projection column, 
which system forms an Image of the mask pattern 
C on the substrate W. The projection lens system, 
40 which has, for example a 5:1 reduction, a numeri- 
cal aperture 0.3, and a diffraction-limited image 
field of a diameter of 14 mm may comprise a 
collimator and an objective. The collimator 
images the mask pattern at infinity and the 
45 objective images this pattern in its focal plane. 
The objective is movable in a vertical direction to 
follow height variations in the substrate. 

The substrate W is arranged on an air-bearing 
supported substrate table WT. The projection lens 
so system PL and the substrate table WT are 
mounted in a housing HO which at its bottom is 
supported on a bed plate BP for example granite, 
and closed at its top by the mask table MT. The 
apparatus further comprises a substrate changer 
55 WC which is rotatable about a spindle WCA and 
which is also adjustabiie in height. By means of 
this changer a substrate can be transferred from a 
pre-alignment station CA into the projection 
column. For further details of the construction 
60 and operation of the projection device reference 
is made to the article: "Automatic Alignment 
System for Optical Projecting Printing" in "IEEE 
Transactions on Electron Devices", Vol. ED-26, 
no. 4, April 1979, pages 723—728. 
6S This article describes the method of fine- 
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alignment of the substratei relative to the mask. 
For this purpose use is made of two phase 
gratings in the substrate and a grating in the 
mask. The left-hand part of Fig. 1 shows the mask 
pattern C and the associated grating marks 
and M2 ^nd the right-hand part of this Figure 
shows the substrate W and the substrate grating 
marks and P2. It also shows the repeated 
reduced image of the mask pattern C on the 
substrate. 

Rg. 2 shows one of the two identical substrate 
phase gratings on ah enlarged scale. Such a 
grating may comprise four sub-gratings Pi,b, Pi,b/ 
P,^ and Pi,d of which P^^b and P^^^ serve for 
alignment in the X-direction and Pi,a and Pt,e for 
alignment in the Y-direction. The two sub-grat- 
ings Pi,b and Pi,c niay have a grating period of, for 
example, 16 pm and the sub-gratings Pi,a and Pi,d 
may have a period of, for example, 17,6 pm. Each 
of the sub-gratings may measure, for example, 
200x200 ^m. 

As described in the above-mentioned article in 
"IEEE Transactions on Electron Devices", Vol. ED- 
26, no. 4, pages 723—728, it is possible to attain 
an alignment accuracy of approximately 0.1 Mm 
by imaging the grating marks P^ and P2 on the 
corresponding grating mark M2 in the mask by 
means of a suitable optical system. However, the 
alignment range of this very accurate fine- 
alignment system is only ±40 pm, which 
necessitates pre-alignment. This pre-alignment is 
effected in a pre-alignment station referenced CA 
in Rg. 1. After the substrate has been pre-aligned 
the substrate changer, which performs a very 
accurately defined movement and which has 
been provided with mechanical means for 
accurately retaining the substrate during transfer, 
can pick up the substrate, transfer it to the 
substrate table in the projection column, and 
lower it onto the substrate table without disturb- 
ing the pre-alignment. 

As is shown schematically in Fig. 1 the pre- 
alignment station comprises a substrate table 
WT' by means of which the substrate can be 
positioned and an optical system for determining 
the position of the substrate relative to a fixed 
reference in the pre-alignment station. 

The substrate changer WC may comprise a 
three-limb member which is rotatable about a 
spindle WCA. The lower part of Fig. 1 shows this 
substrate changer in plan view. The limbs A^ A2 
and. As are provided with substrate retaining 
means, not shown. The end portions of the limbs 
may be provided with, for example, a vacuum 
connection to retain the substrate on the lower 
surface during transfer. The substrate changer is 
so constructed that, if the end of the limb Ai is 
situated above the substrate table WT' in the pre- 
alignment station, the end of the limb A2 is 
situated above the substrate table WT beneath 
the projection column and that the end of the limb 
A3 projects away from the projection column. In 
this position the limb A^ can receive a pre-aligned 
substrate to transfer it to a position underneath 
the projection column, the limb A2 can receive an 


exposed substrate to move it outside the 
apparatus, and the limb A3 can transfer a sub- 
strate to further transport means. A substrate 
table may comprise a supporting member which 

5 is vertically adjustable over a distance which is 
larger than the thickness of the limbs of the 
substrate changer. This supporting member may 
comprise tubular supporting elements. In the 
position in which a substrate is situated above the 

to substrate table WT the supporting elements 
support this substrate. The limb then releases the 
substrate, for example, by turning off the vacuum 
in the vacuum connection of this limb, and the 
arm is pivoted away. The supporting member is 

fs then moved downwards until the supporting sur- 
face is situated at the same level as the upper 
surface of the substrate table. Such a substrate 
table and substrate changer are described in the 
previous Netherlands Patent Application no. 

20 8300220 (PHN 10.554). 

Fig. 3 shows an optical pre-alignment system to 
be used in the pre-alignment station. This system 
comprises a first imaging system for imaging the 
substrate mark Pi on a first radiation-sensitive 

25 detector Di and an identical second Ihnaging 
system for imaging the substrate mark P2 on the 
radiation-sensitive detector O2. The first imaging 
system comprises an imaging lens ll^. for the 
formation of a radiation spot V, on the mark P, 

30 and for Imaging this radiation spot on the detec- 
tor D^. Imaging must be effected in such a way 
that the phase structure of the grating is con- 
verted into an amplitude structure or intensity 
distribution. 

35 According to the invention the alignment beam 
bt is therefore split into two subbeams bi,i and 
which are shifted apart over a distance equal 
to half a grating period at the location of the 
phase grating P^, which subbeams further have 

40 such a phase difference that after they have been 
reflected from the substrate and have been made 
to interfere the grating is imaged as a bright 
radiation spot on the detector and the area 
surrounding the grating in the image is dark. 

45 For this purpose a birefringent element, for 
example a Savart plate Si, has been arranged in 
the path of the pre-alignemnt beam bi. This plate 
Is shown in perspective in the left-hand part of 
Fig. 3. The Savart plate comprises two equally 

so thick piano-parallel plates QPi and QP2 of uniaxial 
birefringent crystals whose optic axes OA1 and 
OA2 make angles of 45^ with the piano-parallel 
surfaces, the plates being rotated through SO^ 
relative to each other. A radiation beam with a 

55 direction of polarization which is oriented at an 
angle of 45'' relative to the optic axes of the Savart 
plate and which is perpendicularly incident upon 
the piano-parallel surfaces is split into an ordinary 
beam and an extra-ordinary beam in the first plate 

60 QPi, which beams are transformed into an extra- 
ordinary beam and an ordinary beam, respec- 
tively at the interface between the first and the 
second quartz plate. This is because the optic 
axes of the plates QPi and QP2 extend perpen- 

55 dicularly to each other. Two mutually parallel 
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beams J and b^^a issue from the Savart plate Si, 
which beams have mutually perpendicular direc- 
tions of polarization and which are shifted lat- 
erally relative to each other over a distance which 
is a function of the thickness of the plates and the 
refractive indices. By a suitable choice of these 
parameters it Is possible to ensure that the sub- 
beams are shifted relative to each other over a 
distance which is equal to half the period of the 
phase grating Pv 

Further, a polarization-sensitive beam reflector 
PBSi is arranged in the path of the pre-alignment 
beam b,. The selective reflecting surface RBP, of 
this prism functions as a polarization analyzer 
which only reflects radiation with a specific direc- 
tion of polarization, namely at an angle of 45** to 
the optic axes of the Savart plate, to this plate S,. 
After the two subbeams b^j and b^,2 have been 
reflected by the substrate and have traversed the 
Savart plate a second time, they are again inci- 
dent on the prism PBSi. The two mutually perpen- 
dicular directions of polarization of the two sub- 
beams make an angle of 45** with the transmitting 
direction of polarization of the selective reflecting 
surface PBP,. Each of these subbeams may be 
thought of as comprising two components of 
which the first and the second have a direction of 
polarization which extends parallel and perpen- 
dicularly, respectively to the direction of polariza- 
tion of the prism PBSi. The detector ''sees" one 
beam with one direction of polarization in which 
no components can be distinguished. 

The phase difference between the subbeams 
which emerge from the Savart plate S, depends 
on the refractive index no for the ordinary ray and 
He for the extraordinary ray and on the thick- 
nesses of the plates QPi and QPz and the tilting of 
the Savart plate about an axis which extends 
transversely of the beam bi and perpendicularly 
to the plane of drawing. It is ensured that the 
subbeam bi,i and bi^ are in phase. Corre- 
sponding portions of the subbeams which have 
been reflected by substrate parts outside the 
phase grating are then also in phase. The beam 
which is formed through the combination by the 
Savart plate of the beam components which have 
been reflected by the substrate areas outside the 
phase grating then has the same direction of 
polarization as the beam which is incident on the 
substrate and the first-mentioned beam is not 
transmitted to the detector by the polarization- 
sensitive reflector PBS^ 

The effect of the grating is best explained if the 
subbeams b^,i and bi^2 are assumed to consist of 
small beam portions of the size of the "hills" and 
"dales" of the phase grating. If a first beam 
portion of the beam bi,i is incident on a hill, the 
corresponding first beam portion of the beam bi,2 
will impinge on a dale of the phase grating. As a 
result of the grating structure the first beam 
portion of the beam bij is retarded relative to the 
first beam portion of the beam bi,2r which retarda- 
tion is a function of the depth of the grating dales 
or grooves. In order to obtain an optimum fine- 
alignment signal the grating grooves have been 


given a depth of one quarter wave. This depth is 
also substantially optimal for the pre-alignment 
system. Said retardation is then 180**. Similarly, a 
second beam portion of the beiam bi,i which 

5 impinges on a dale of the phase grating and a 
corresponding beam portion of the beam bi,2 
which is incident on a hill will exhibit a phase 
difference of 180'' after reflection and after 
passage through the prism PBSi. This applies to 

70 all the corresponding beam portions originating 
from the phase grating. In total the subbeams bi,i 
and bi,2/ if they originate from the phase grating 
are 180° phase-shifted relative to each other. In 
terms of directions of polarization this means that 

75 the direction of polarization of one of the sub- 
beams has been shifted through 180° relative to 
the original direction of polarization, so that the 
direction of polarization of the beam which is 
composed of the two reflected subbeams has 

20 been rotated through 90° relative to the direction 
of polarization of the beam bi which has been 
reflected by the prism PBSi. The part of the beam 
bi which has been reflected by the phase grating 
is transmitted to the detector D, by the beam 

25 splitter, so that this detector "sees" the phase 
grating as a bright surface against a black back- 
ground. 

As is shown in the inset in Rg. 3 the detector 
comprises four subdetectors Pia# ^lo and Di^- 

30 The output signals of these detectors are pro- 
portional to the amount of radiation they receive. 
When these output signals are exactly equal, the 
grating Pi is aligned correctly in the systehri. If the 
output signals of the detectors Di,a# Di,b« ^a^c and 

35 Di^d are represented by Sa, Sb# Sc, and Sd the 
signal 

S,=(Sa+Sd)-{Sb+So) 

40 will be a measure of the alignment in the x- 
direction and the signal 

Sy=(Sa + SJ-(So+Sd) 

45 will be a measure of the alignment in the Y- 
direction. The output signals of the subdetectors 
are applied to an electronic processing circuit EP 
in which these signals together with the signals 
from the detector D2 of the second imaging 

50 system are processed into control signals for the 
drive means DV for the substrate table \Anr'. 

Instead of a Savart plate S it is also possible to 
use a Wollaston prism. As Is shown in the left- 
hand part of Rg. 3 such a prism comprises two 

55 congruent prisms WPi.a and WPi^ of uniaxial 
birefringent crystals which have been combined 
to form a piano-parallel plate. The optic axes OAa 
and OA2 extend parallel and perpendiculariy, 
respectively to the plane of drawing. A beam 

60 which is incident on one of the plane-parallel 
surfaces of the prism WPi and which has a 
direction of polarization which is disposed at an 
angle of 45° relative to the optic axes of the prism 
is split into two subbeams by the prism, which 

65 subbeams are polarized perpendiculariy relative 
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to each other and make a small angle with one 
another. By a suitable choice of the thickness and 
refractive indices of the prism WPi it is possible to 
ensure that at the location of the grating the 
subbeams are shifted laterally relative to each 
other over a distance which is equal to half the 
grating period and each have the correct phase. 

Preferably, the Wollaston prism is arranged in 
the first focal plane of the lens ILv After passage 
through this lens the two mutually perpendicu- 
larly polarized subbeams then extend parallel to 
each other. Moreover/ the direct beams and the 
beams which are reflected by the substrate then 
traverse the prism at the same angles. If the 
Wollaston prism is arranged outside the first focal 
plane the beams will not be incident on the 
substrate parallel to each other, so that the dis- 
tance between this substrate and the Wollaston 
prism becomes critical. Moreover, the reflected 
beams will then traverse this prism in a different 
way from the incident beams, so that the image of 
the phase grating formed on the detector will be 
of lower contrast. 

In a tested version of the pre-alignment system 
described in the foregoing, a substrate can be pre- 
aligned with an accuracy of ±5 \xfr\. The 
alignment range of this pre-alignment system is 
±300 |im. A substrate which has been transferred 
to the pre-alignment station by mechanical trans- 
fer means, can be positioned on the substrate 
table WT' by mechanical steps within said range. 

Apart from polarization-sensitive elements, 
such as a Savart plate or a Wollaston prism, it is 
possible to employ other elements, such as a 
combination of semitransparent and fully reflect- 
ing mirrors, for splitting the beam bv The beiam 
reflector PBS may then be a polarization-neutral 
beam reflector. Alternatively, the phase gratings 
may have grating periods which differ from those 
specified above. For the invention it is essential 
only that the distance between the subbeams is 
equal to half the grating period. 

The illumination system comprises a lamp LAi 
and a condenser lens CL^ which forms a beam of 
the radiation emitted by the lamp and images this 
lamp in the pupil of the lens IL^, so that a 
maximum amount of light is available for pre- 
alignment. Just behind the condensor lens an 
aperture DPi is arranged which is imaged on the 
phase grating. This ensures that only an area 
slightly larger than the phase grating is illumi- 
nated. This method of illumination also ensures 
that hardly any stray light can reach the phase 
grating and that the detector signals contain 
hardly any noise. 

The Savart plate or the Wollaston prism splits 
the pre-alignment beam into two subbeams 
which are mutually coherent and which after 
passage through the beam reflector PBS, can 
interfere with each other owing to this coherence. 
The subbeams themselves and the pre-alignment 
beams themselves, however, need not be cohe- 
rent Therefore, it is not necessary to employ a 
laser, which is monochromatic. 
When a lamp LA^ is used which emits a broad 


radiation spectrum, such as an incandescent 
tamp, a special beam-reflector prism PBS^ must 
be used. A conventional polarization-sensitive 
reflecting prism has been designed for the com- 
5 ponents of a beam whose wavelengths are within 
a narrow band. The beam-reflecting layer of such 
a prism may comprise a plurality of sub-layers 
having thicknesses of the order of a quarter or 
half a reference wavelength. In accordance with 
to the invention the prism PSB^ which is employed 
in the pre-alignment system with broad-spectrum 
illumination has a beam-reflecting layer which 
comprises a first and a second set of sublayers, 
the first set acting as a beam reflector in a first 
15 wavelength range around a first reference 
wavelength and the second set acting as a beam 
reflector in a second wavelength range around a 
second reference wavelength. The entire layer 
comprising the two sets of sublayers can then 
20 reflect a beam with a broad range of wavelengths 
covering the two reference wavelengths. 

As regards the Savart plate or the Wollaston 
prism it is not necessary to take special steps in 
view of the. broad spectrum of the prealignment 
25 beam because these elements are substantially 
wavelength-Independent. Particularly is this so if 
the radiation of this beam is situated in the near 
infrared range, which is preferred for the pre- 
alignment system. 
30 So far, only the first imaging system, the left- 
hand system in Fig. 1, has been described. As will 
be apparent from Fig. 3, the second, right-hand 
imaging system is identical to the first one, so that 
the second system will not be described. 
3S The signals from the composite detector of 
the second imaging system are applied together 
with the signals from the detector D„ to the 
electronic processing circuit EP in order to be 
processed into control signals for the drive means 
40 DV. As is indicated in the plan view lower part of 
Fig. 3 the substrate table WT' is moved by means 
of three separately controlled drives DV^, DV2 and 
DVg. The drive DVi moves the table in the X- 
direction and the two drives DVg and DV3 provide 
45 the movements in the Y-direction. Owing to the 
separate control of DV2 and DV3 by means of the 
signals Syi and Sya the substrate table cannot only 
perform linear movements in the X and the Y 
direction, but can also rotate about a point, for 
BO example point R, thereby enabling angular 
alignment. 

As is shown in Fig. 3 both illumination systems 
may comprise a beam separator BS, or BS2. 
Those beam separators reflect a small portion, for 

55 example a few per cent, of the beams b^ and 

Via a reflecting prism RPi to a reference mark, 
such as cross-hairs GR. The position of the grat- 
ings Pi and Pz relative to the crosshairs can be 
made visible to the operator by means of a lens 

60 IL3 and a reflecting prism RP2, which image othe 
cross-hairs and the superimposed images of the 
grating onto a television camera TVC which is 
coupled' to a monitor MON. 
The invention has been described for the pro- 

65 jection of an IC pattern on a semiconductor 
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substrate. It is obvious that the apparatus 
described above may also be employed in other 
lithographic techniques where consecutively a 
plurality of masks have to be projected on a 
substrate and must be aligned very accurately 
relative to the substrate. An example of this is 
the manufacture of propagation patterns and 
detection patterns for magnetic domain 
memories. In the above description "IC pattern" 
should then read "propagation pattern" or 
"detection pattern" and "substrate" should read 
"layer of a magnetizable material". 

Clalims 

1. An apparatus for imaging a mask pattern 
(c) on a substrate (w), which apparatus com- 
prises a projection column provided with an 
optical imaging system (PL) and an optical fine- 
alignment system for aligning alignment marks 
on the substrate relative to an alignment mark 
in the mask, which apparatus further comprises 
a pre-alignment station (CA) for pre-aligning the 
substrate, and transfer means (WC) for transfer- 
ring the substrate to a position beneath the 
projection column without disturbing the pre- 
allgnmentr characterized in that the pre- 
aiignment station (CA) comprises two optical 
systems for imaging the two alignment marks 
(Pir Pa) on the substrate onto two composite 
radiation-sensitive detectors (D,, Dj), the com- 
bined output signals of the subdetectors of each 
detector (D-i, D2) being a measure of the 
alignment of the corresponding alignment mark 
(Pit Pa) relative to the detector. 

2. An apparatus as claimed in Claim 1, 
intended for a substrate (W) whose alignment 
marks (Pi, P2) are phase gratings, characterized 
in that the two imaging systems in the pre- 
alignment station (CA) are constituted by 
microscopes which image the phase gratings on 
the detectors (Di, D2) as amplitude structures. 

3. An apparatus as claimed in Claim 2, charac- 
terized in that the microscopes are interference 
microscopes which each comprise an illumina- 
tion system, an imaging lens (IL1, IL2) for the 
formation of a radiation spot (V,, V2) on a phase 
grating and for imaging said alignment marks 
(Pi, P2) onto a detector (Di, D2) and a beam- 
splitting element for splitting the radiation from 
the illumination system into two subbeams (bi.,, 
bi.2) in such a way that at the location of the 
phase grating the subbeams are shifted relative 
to each other over a distance equal to half the 
grating period of the phase grating and for com- 
bining the two subbeams (bi,i, b^.z) which have 
been reflected by the phase grating. 

4. An apparatus as claimed in Claim 3, charac- 
terized in that the beam-splitting element is a 
polarization-sensitive beam splitter and in that a 
polarization-sensitive beam reflector (PBSi, 
PBS2) is arranged between the illumination 
system and the imaging lens (IL,, IL2) for direct- 
ing radiation of a specific direction of polariza- 
tion towards the phase grating and for transmit- 


ting the radiation which has been reflected by 
the phase grating to the detector (Di, D2). 

5. An apparatus as claimed in Claim 4, charac- 
terized in that the polarization-sensitive beam 

s splitter is a Savart plate (S^, 82)* 

6. An apparatus as claimed in Claim 4, charac- 
terized in that the polarization-sensitive beam 
splitter is a Wollaston prism (WP^, WPj). 

7. An apparatus as claimed in Claim 4, charac- 
10 terized in that the beam reflector (PBSi, PBSa) 

comprises a polarization-sensitive beamrrefiect- 
ing layer (PBPi, PBP2) which comprises two sub- 
layers which operate in two adjacent 
wavelength ranges. 

IS 8. An apparatus as claimed in any one of the 
preceding Claims, characterized in that the 
illumination system comprises a radiation 
source (LA^, LA2) followed by a condenser lens 
(CLi, CL2) which images the radiation source 

20 (LAt, LAa) in the pupil of the imaging lens (IL1, 
112) and a field iaperture (DP,, DP2) arranged 
behind the condenser lens (CU, CL2) which 
aperture (DPi, DP2) is imaged on the phase grat- 
ing. 

25 9. An apparatus as claimed in any one of the 
preceding Claims, characterized in that before 
the detector (Di, D2) a beam separator (BSv BS2) 
having a low reflection coefficient is arranged in 
order to reflect a small portion of the radiation 

30 which has been reflected by the phase grating 
to a reference mark (G), and In that there are 
provided optical means for visually observing 
the reference mark (G) and the Images of the 
two phase gratings superimposed on said ref- 

3S erence mark (G)^ 

Patentanspiriiiic(hi<s 

1. Gerat zum Projektionskopieren einer Maske 
40 (C) auf ein Substrat (W), wobei das Gerat eine 

Projektionsaule mit einem optischen Abbil- 
dungssystem (PL) sowie ein optisches Feinaus- 
richtsystem zum Aiisrichten von Einsteilmarken 
auf dem Substrat auf eine Einstellmarke in der 

4S Maske, waiter eine Vorausrichtstation (CA) zum 
Vorausrlchten des Substrate und welter Trans- 
portmtttel (WC) zum Befdrdern des Substrata in 
einer Stell unterhalb der Projektionssaule ohne 
Beeintrachtung der Vorausrichtung enthalt, 

so dadurch gekennzelchnet, dass die Vorausrichts- 
tation (CA) zwei optische System zum Abbilden 
der beiden Einsteilmarken (Pi, Pa) auf dem Sub- 
strat auf zwei zusammengesetzte Strahlungs- 
empfindiiche Detektoren (D^, D2) enthSIt, wobei 

ss die kombinierten Ausgangssignale der Unterde- 
tektoren jedes Detektors (D^, D2) ein Mass fur 
die Ausrichtung der entsprechenden Einstell- 
marke (Pi, P2) auf den Detektor ist. 

2. Gerat nach Anspruch 1, zur Verwendung fur 
60 ein Substrat (W), dessen Einsteilmarken (P^ Pg) 

Phasengitter sind, dadurch gekennzelchnet, dass 
die beiden Abbildungssysteme in der Voraus- 
richtstation (CA) durch Mikroskope geblldet 
werden, die die Phasengitter auf die Detektoren 
65 (Dv O2) als Ampiitudenstrukturen abbilden. 
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3. GerSt nach Anspruch 2, dadurch gekenn- 
zeichnet, dass die Mikroskope Interferenzmikro- 
skope sind mit je einem Beleuchtungssystem, 
einer Abbildungslinse (IL^ IL2) zur Bildung eines 
Strahlungsflecks (V^ V2) auf einem Phasengitter 
und zum Abbilden einer Einstellmarken auf einen 
Detektor {D^, D2) und einem Strahlspattungsele- 
ment zum derartigen Aufspalten der Strahlung 
aus dem Beleuchtungssystem in zwei Unterstrah- 
len (bi.v dass an der Stelle des Phasengitters 
die Unterstrahien gegeneinander uber einen 
Abstand gleich der halben Gitterperiode des Pha- 
sengitters verschoben werden, und zum Kombi- 
nieren der beiden Unterstrahien (b^j, b^^z) ciie 
durch das Phasengitter refiektiert wurden. 

4« Gerat nach Anspruch 3, dadurch gekenn- 
zeichnet, dass das Strahispaltungselement ein 
Polarisationsempfindlicher Strahlspalter ist, und 
dass eine Polarisationsempfindlicher Strahlreflek- 
tor (PBSi; PBS2) zwischen dem Beleuchtungssy- 
stem und der Abbildungslinse (ILf, IL2) ange- 
ordnet ist zum Richten der Strahlung mit einer 
spezifischen Polarisationsrichtung auf das Pha- 
sengitter und zum Ubertragen der vom Phasen- 
gitter reflektierten Strahlung auf den Detektor (Di, 
Da). 

5. Gerat nach Anspruch 4, dadurch gekenn- 
zeichnet, dass der Pblarisationsempfindliche 
Strahlspalter eine Savart-Platte (S^ S2) ist. 

6. Gerat nach Anspruch 4, dadurch gekenn- 
zeichnet dass der polarisationsempfindliche 
Strahlspalter ein Wollaston-Prisma (WP-,, WPz) ist. 

7. Gerat nach Anspruch 4, dadurch gekenn- 
zeichnet, dass der Strahlreflektor (PBSv PBSa) 
eine polarisationsempfindliche Strahlreflektie- 
rende Schicht (PBPi, PBPg) ist, die zwei Unter-r 
schichten enthalt die in zwei benachbarten Wel- 
lenlangenbereichen arbeiten. 

8. Gerat nach einem oder mehreren der voran- 
gehenden AnsprOchen, dadurch gekennzeichnet, 
dass das Beleuchtungssystem eine Strahlungs- 
quelle (LAv LA2) gefolgt von einer Kondensor- 
linse (CLv CL2), die die Strahtungsquelle (LAi, 
LA2) in die Pupille der Abbildungslinse (IL^, IL2) 
abbildet, und eine hinter der Kondensorlinse (CL^ 
CL2) angeordnete Fetdapertur (DPi, DP2) enthSIt, 
wobei die Apertur (DP^, DP2) auf das Phasengitter 
Abgebildet wird. 

9. Gerat nach einem der mehreren der vorange- 
henden Anspruche, dadurch gekennzeichnet, 
dass dem Detektor (Di, D2) ein Strahltrenner (BSi, 
BS2) mit einem niedrigen Refiekttonskoeffizlenten 
vorgeschaltet ist, zum Reflektieren eines geringen 
Anteils der Strahlung, die vom Phasengitter auf 

, eine Referenzmarke (G) refiektiert wurde, und das 
optische Mittel zum visuellen Wahrnehmen der 
Referenzmarke (G) und der der Referenzmarke (G) 
uberlagerten abbiidungen der zwei Phasengitter 
vorgesehen sind* 

Revendications 

1. Dispositif pour reproduire une configuration 
de masque (C) sur un substrat (W), comportant 
une colonne de projection munie d'un syst^me de 


reproduction optique (PL) et d'un syst^me d'ali- 
gnementfin optique pour Talignement de repdres 
d'alignement sur le substrat par rapport d un 
repere d'alignement present dans te masque, 

5 appareil qui est en outre muni d'un poste de pr§- 
alignement (CA) pour le pr6-alignement du subs- 
trat et de moyens de transport (WC) pour le 
transport du substrat dans une position situee au- 
dessous de la colonne de projection sans pertur- 

10 ber te pre-alignement, caract^rise en ce que le 
poste de pr^-alignement (CA) comporte deux 
systdmes optiques pour la reproduction de deux 
reperes d'alignement (P-,, P2) sur le substrat sur 
. . deux detecteurs sensibles h rayonnement com- 

rs poses (D^, D2). les signaux de sortie combines des 
detecteurs partiels de cheque d§tecteur (D^, D2), 
constituant une mesure pour I'alignement du 
repere d'alignement correspondent (Pv P2) par 
rapport au detecteur. 

20 2. Appareil selon la revendication 1 destine k un 
substrat (W) dont les repdres d'alignement (Pi, P2) 
sont des trames de phase, caract§ris6 en ce que 
les deux systemes de reproduction dans le poste 
de prealignement (CA) sont constituis par des 

25 microscopes, qui reproduisent les trames de 
phase sur les detecteurs (D^, D2) comme struc- 
tures d'amplitude. 

3. Appareil selon la revendication 2, caracteris§ 
en ce que les microscopes sont des microscopes 

30 d'interference, qui comprennent chacun un sys- 
t^me d'eciairage, une lentille de reproduction (IL^, 
IL2) pour la formation d'une tache de rayonne- 
ment (Vi, Vg) sur une trame de phase et pour la 
reproduction de cette trame (Pi, P2) sur un ditec- 

35 teur (Di, D2) et un Element diviseur de faisceau 
pour la division du rayonnement provenant du 
systeme d'eclairage en deux faisceaux partiels 
bi.i, bt,2, de fagon qu'^ Tendroit de la trame de 
phase, les faisceaux partiels soient d6cales. Tun 

40 par rapport a I'autre, sur une distance egale a la 
moiti6 de la periode de trame de la trame de 
phase et pour la combinaison des deux faisceaux 
partiels {b^,u bt^) qui ont 6t6 r^fl^chis par la trame 
de phase. 

45 4. Appareil selon la revendication 3, caractdris^ 
en ce que I 'Element diviseur de faisceau est un 
diviseur de faisceau sensible ^ polarisation et 
qu'un riflecteur de faisceau sensible a polarisa- 
tion (PBSv PBS2) est dispos6 entre le systeme 

so d'eclairage et la lentille de reproduction (IL1, IL2) 
pour dinger le rayonnement d'une direction de 
polarisation specifique vers la trame de phase et 
pour la transmission du rayonnement reflechi par 
la trame de phase vers le detecteur (Di, D2). 

55 5. Appareil selon la revendication 4, caract^ris^ 
en ce que le diviseur de faisceau sensible i la 
polarisation est une plaque de Savart (Si, S2). 

6. Appareil selon la revendication 4, caracterise 
en ce que le diviseur de faisceau sensible a 

€0 polarisation est un prisma de Wollaston (WPi, 
WP2). 

7. Appareil selon la revendication 4, caractiris6 
en ce que le r^flecteur de faisceau (PBSi, PBS2) 
comporte une couche r^fiectrice de faisceau sen- 

65 sible d polarisation (PBPv PBP2), comprenant 
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deux couches partielles qui fonctionnent dans 
deux gammas de longueurs d'onde voisines. 

8. Appareil selon I'une des revendications pr6- 
cedentes, caracterise en ce que le systeme d'^ciai- 
rage est constitue par une source de rayonne- 
ment {LAi, LAj) suivie d'une lentille de conden- 
seur (CLi, CLa) qui reproduit la source de rayonne- 
ment (LAi, LAj) dans ia pupille de la lentflle de 
reproduction {\L^, IL2) et un diaphragme de champ 
(DPi, DP2) qui est dispose derriere la lentille de 
condenseur (CL,, CLj) et qui est reproduite sur la 
trame de phase. 


9. Appareil selon Tune des revendications pr6- 
cedentes, caracterise en ce que devant le d^tec- 
teur (Di, D2 est dispose un s^parateur de faisceau 
(BS„ BSa) presentant un faible coefficient de 

5 reflection afin de r^fiSchir une petite partie du 
rayonnement refl6chi par la trame de phase vers 
un repere de reference (G) et que des moyens 
optiques sont prevus pour I'observation visuelle 
du repere de reference (G) et les reproductions 

to des deux trames de phase superposSes sur ledit 
^ repdre de reference (G). 
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